 Purpose: Internal control frameworks provide only broad guidance concerning internal control concepts, leaving the details to the adopting firms. In this study the adopted internal control structure and effectiveness in firms is examined and visualized, and a typology of firms is presented. Control structure and effectiveness are measured based on the assessment of management, rather than using reported material weaknesses as most studies do. This type of evaluation is more purposeful for firms that do not apply the SarbanesOxley Act.
Introduction
Firms generally set up internal control systems to identify and manage risks. Establishing an effective internal control system has become a central issue in corporate governance because of the large number of high profile fraud cases in recent years (see Minelli et al., 2009; Palermo, 2011; Van der Stede, 2011) . This has resulted in significant efforts to strengthen risk management systems in firms, as well as changes in the Securities Exchange Commission (SEC) and stock exchange regulations. Following the improved regulation, all firms should have individual internal control systems capable of providing assurances that risks are managed in an effective way. The COSO framework (COSO 2004) proposes that sufficiently effective internal control provides an assurance that a firm conducts its operations efficiently and in accordance with its mission statement, that its management data and financial reporting are reliable, and that it promotes compliance with applicable laws, and regulations.
If a firm does not have effective internal control, it is possible that the firm's financial statement contains a material weakness (MW). Professional standards require disclosure of material weaknesses in annual reports mandated by the Sarbanes-Oxley Act (SOX). If the auditor or management publicly reports an MW or several MWs, this indicates a deficiency or a combination of deficiencies resulting in a reasonable possibility that a material misstatement of the firm's statements will not be prevented or detected on a timely basis (PCAOB, 2007) . A number of control studies using MW data have emerged recently, primarily concentrating on the determinants and impact of MWs (example.g., Doyle et al., 2007a; Ge and McVay, 2005; Ashbaugh-Skaife et al., 2007; Rice and Weber, 2012; Doyle et al., 2007b; Ashbaugh-Skaife et al., 2008; Ogneva et al., 2007; Beneish et al., 2008; Hammersley et al., 2008; Geiger et al., 2004; Klamm et al., 2009) .
However, these studies have presupposed that a firm without MWs has an effective internal control system, and that each reported MW reduces the effectiveness of a firm's internal control system.
We argue that accurately assessing internal control effectiveness requires adopting a broader perspective than is possible by relying on stated MWs, as the literature to date has tended to do (see Dechow et al., 2010) .We should not discount the possibility that firms not reporting MWs may nevertheless have unreported internal control problems and variations in internal control effectiveness. Management or auditors may have failed to identify problems, or classified problems as control deficiencies or significant deficiencies, which would fall outside the scope of an MW (Dechow et al., 2010; Doyle et al., 2007a) . For example, Rice and Weber (2012) find that only a minority of restating firms, whose original misstatements are linked to underlying control weaknesses, acknowledge their existing control weaknesses during their misstatement period.
Thus, there is some evidence of ineffective reporting of internal control weaknesses in practice (see also Turner et al., 2006) . Furthermore, there are many countries where SOX is not mandatory, and most firms in those areas are not subject to the audit or management report aspects of SOX.
Therefore, even if a firm has not reported MWs, there is a possibility that its internal control varies in effectiveness, and may be at any level between low and high. This indicates that using MWs as a proxy for internal control effectiveness might not always be informative.
One solution to the challenges around MWs is to use alternative proxy for internal control effectiveness. Unfortunately, for example internal communication of the effectiveness of control systems is not usually publicly available (see Krishnan, 2005) . Some previous studies have suggested other alternative proxies for internal control effectiveness. These include the existence or costs of an internal audit function (e.g., Goodwin-Steward et al., 2006) , the existence of an audit committee (e.g., Davidson et al., 2005) or the implementation of enhanced financial audits (Kinney and Shepardson, 2011) . However, there is a lack of studies that examine firms' actual internal control structures and how the desired effectiveness might be achieved (Kinney, 2000) .
The effectiveness of internal control in alternative situations is theoretically explained by interrelated components that can and will influence each other, as in the COSO framework (COSO, 1992; . The COSO framework assumes that existence all five components will lead to effective internal control. However, these frameworks provide only broad guidance concerning internal control concepts and leave the details to the adopting firms themselves (Paape et al., 2012) . Therefore, the research question in this study is what characteristics of internal control structure underlie a particular level of internal control effectiveness?
The purpose of this study is twofold; first, to examine and visualize how firms have implemented internal control frameworks and their effectiveness and also how these structures are interrelated as assessed by CEOs in the firms using a proxy (i.e., not MWs), and secondly, to create a typology for assessing internal control effectiveness and structure practices in the surveyed firms. In order to address the purpose above, we adopt an exploratory approach. Specifically, this study applies the self-organizing map (SOM), an artificial intelligence technique, as an exploratory data analysis tool. The SOM is a clustering technique based on artificial neural networks (ANNs). We apply the SOM because it is particularly suitable for exploratory data analysis as it is both a visual method and is tolerant of problematic data, including data displaying linear and non-linear relationships, non-normal distributions, and noisy or missing data (Bishop, 1995; Kohonen, 2001; Wang, 2001 ).
In addition, for exploratory studies, a particularly useful property of the SOM, compared to most traditional clustering methods such as k-means clustering, is that it is not necessary to specify the number of clusters beforehand. Using the SOM approach, we are able to freely visualize and investigate the interrelated relationships inherent in the data, and to identify the alternative types of assessed internal control effectiveness and to assess the contribution of each of the five components of the COSO framework to each typology.
In this study survey data collected from 741 firms is used. In this way, following Jokipii (2010), we are able to examine existing internal control structures and their effectiveness as assessed by the CEOs of the firms. Internal control structure and effectiveness are defined using internal control frameworks applied in practice.
The results reveal four types of internal control effectiveness in firms. We found that 32 % of the examined firms evaluate their internal control structure and its effectiveness as matching the ideal in theoretical frameworks; "All components should be present and functioning for the achievement of the three objectives of internal control" (COSO, 1994; . The lowest internal control effectiveness type was found in 16 % of the examined firms, and those firms had problems with all aspects of internal control. This finding confirms that among the firms surveyed, those without a complete internal control structure in place will assess the firm's control effectiveness to be below par. However, two other types of internal control effectiveness (present in 52 % of firms) confirm the interrelated nature of the components. These types show that interrelations between components create alternative levels of internal control effectiveness and this relationship is not as straightforward as might be expected. A typology based on the results offers alternative approaches to how internal control could be improved in firms to deliver effective internal control as presented in the framework.
The main contributions of this study are two-fold. Building upon empirical evidence from a sample of Finnish firms, the study shows that variations in internal control structures are associated with varying levels of internal control effectiveness. Also, the interrelationships between the components are complex and non-linear. Based upon these results, a typology that offers alternative approaches to how internal control could be improved in firms to deliver effective internal control is proposed.
The remainder of the paper is structured as follows. Section 2 presents the internal control framework and also provides a brief introduction to the SOM. The third section outlines the research design and how the SOM the study utilizes was trained. Section 4 presents the empirical results and provides a detailed analysis of the final map, and finally, Section 5 summarizes the results and draws conclusions.
Internal control framework
The Committee of Sponsoring Organizations of the Treadway Commission has published two globally recognized internal control frameworks. The first was called the Internal ControlIntegrated Framework, and was published in 1992. The second framework, COSO Enterprise Risk Management, was published in 2004. The frameworks are based on the same conceptual foundation and are mutually compatible (COSO, 2004) . The frameworks form a robust conceptualization of internal control and are now used in firms around the world to guide risk management, especially in firms subject to the SOX legislation of 2002, which mandates public disclosures of significant internal control deficiencies. There are also other frameworks developed, such as CoCo applied in Canada and that of the King report in South Africa. However, most firms use the COSO (1992) framework as basis for the evaluation of internal control (Klamm and Watson, 2009 ). The framework views internal control as a system of resources, systems, processes, culture and structure that supports people in achieving objectives in the following areas (Simmons, 1997; Sarens and De Beelde 2006) 1) Effectiveness and efficiency of operations (EFFI) which pertains to the effectiveness and efficiency of operations by enabling firms to respond appropriately to risks, and accomplish performance and profitability goals, and safeguard resources against loss, 2) Reliability of financial reporting (RELI) which covers the preparation of reliable financial statements, including procedures for reporting any control weaknesses with corrective actions, 3) Compliance with applicable laws and regulations (LAW); which specifies adherence to the laws and regulations the organization is subject to. The level of internal control required to meet these three objectives is considered a proxy for internal control effectiveness i for the purposes of this study.
The COSO framework also assumes the existence and functioning of five components that play an important role in the achievement of a firm's internal control objectives. These components may be viewed as both fundamental principles and an aid to planning, evaluating, and updating controls. The first component, control environment (COEN) , is critical to other components because it sets the tone and culture for an organization, upon which all other activities are based.
For example, D'Aquila (1998) concludes that a tone at the top of an organization that fosters ethical decision making is of overriding importance to financial reporting. Palermo (2011; see also Van der Stede, 2011) proposes that culture can be an important determinant of internal control
effectiveness. An effective control environment permits a firm to set realistic objectives and ensure the organization has sufficient resources to pursue them. The second component, control activities (COAC), relates to follow-up, that is, the policies and procedures that help ensure management directives are carried out. Control activities are a range of activities in transaction cycles and other strategic areas. The primary goal of control activities is ensuring that actions necessary to address threats to the achievement of the firm's objectives are taken (COSO, 2004) . Such threats are identified and analyzed in the process of risk assessment (RISK), the third component, producing a basis for risk management. Risk assessment is heavily weighted in the newer control framework (COSO ERM, 2004) . Information about threats and changes is generated by means of the fourth component, information and communication (INFO) . Information systems deal with the information necessary to inform business decision making and external reporting, by producing operational, financial and compliance-related reports (Stringer and Carey, 2002) . The quality of an internal control system is assessed through the fifth component, monitoring (MONI) . The board of directors and external auditors have an interest in monitoring the functioning of the internal controls, and ensuring that the firm is meeting its objectives.
In spite of the growing interest in effective internal control and frameworks to support it, there is still a scarcity of research in this field. Porter et al. (2003) emphasize the continuing difficulties of attempting to evaluate the relationship between the components of an internal control framework.
While some studies have examined only some components of internal control structure (Hermanson et al. 2012) , others have addressed this issue (Agbejule and Jokipii, 2009; Geiger et al., 2004; Jokipii et al., 2011; Klamm and Watson, 2009 (2011) did not focus on the investigation of how the three internal control objectives (effeciency, reliability, and compliance) are achieved in the firms, and whether the internal control structure is associated with these achievements. As a result of this limitation, Jokipii et al. (2011) called for more research into potential explanations for the results and also into their implications.
The main interest of this research is to examine and visualize the relationship between internal control structures and internal control effectiveness present in practice. The COSO framework assumes that the existence and functioning of the five components plays an important role in the achievement of a firm's internal control effectiveness. Effective internal control depends on having the five internal control components in place and operating effectively, so that a company has a reasonable level of assurance regarding the achievement of objectives in the following categories: effectiveness and efficiency of operations, reliability of financial reporting, and compliance with applicable laws and regulations (COSO 1992; . Therefore, it is assumed that the presence of internal control components is related to achieving control effectiveness.
Fitting the five COSO components (COEN, RISK, COAC, INFO, and MONI) to the needs of the firm will provide a reasonable assurance that the firm is achieving internal control effectiveness (EFFI, RELI, LAW). However, due to differences in firms, trade-offs may exist between components and this may have an effect on internal control effectiveness. Consequently, the overall research question in this study is what characteristics of internal control structure underlie a particular level of internal control effectiveness? What cannot be known beforehand is the effect of the interrelations of components. Therefore, this study uses an exploratory, SOM-based approach to examine and visualize the proposed relationships.
Methodology

The research design
The sample in this study consisted of 1,469 firms. The firms in the sample were selected from a commercial database of 160,000 public firms in Finland, based on the following criteria; the number of employees should be greater than 14 and annual turnover greater than EUR 3 million.
All industries are included, except public administration, and financing and insurance services.
Those were excluded owing to their typically having different requirements for internal control.
The choice of a web-based survey method dictated that the last important selection criterion was the availability of a direct e-mail address for the CEO. The CEO was selected as the respondent for two reasons; first, in this study a broad definition of internal control based on the framework is used, which means that the respondents should have a broad knowledge of the firm's business and control issues. Second, even though the CEO's responsibility for the design and maintenance of the firm's internal control has increased, earlier literature has concentrated mainly on external The survey questionnaire, which was part of a larger research project, collected background information on the firms and respondents, and an assessment of the internal control structure and its effectiveness. The assessment was based on the control self-assessment (CSA) method (Adamec et al., 2002) . The CSA method invites the opinion of respondents on the functioning of the internal controls in their unit on a numerical scale, in this case a Likert scale anchored by totally disagree (1) and totally agree (7). The survey contained twenty-five questions on internal control components (control environment, risk assessment, control activities, information and communication, monitoring) derived from the COSO framework (reported in Appendix 2). The effectiveness of internal control was measured similarly, based on the subjective judgments of management, using 15 questions (reported in Appendix 2) that invited managers to assess how confident they were that the three objectives of internal control (efficiency and effectiveness of activities, reliability of financial reporting, and compliance with laws and regulations) were being met. A similar approach has been used, for example, by Hermanson et al. (2012) .
The content validity of the measures was ensured by a thorough review of the literature, after which the contents were stratified into the most important facets and the questionnaire was pretested by a group of academics and CEOs. We evaluated construct validity by testing the unidimensionality of the measures to ascertain if they were interacting as expected.
We first analyzed the collected data using factor analysis. As suggested by prior literature, that process led to the confirmation of the five components contributing to an internal control structure: The analysis also confirmed the prior literature's assumption of there being three components of internal control effectiveness; efficiency and effectiveness of activities (EFFI four items, Cronbach's alpha 0.709, 54 % of variance), reliability of financial reporting (RELI four items, Cronbach's alpha 0.815, 65 % of variance), and compliance with applicable laws and regulations (LAW three items, Cronbach's alpha 0.724, 65 % of variance). The results of the factor analyses are reported in Appendix 2 and 3. Thus, using our survey data, we were able to identify and quantify the internal control structure in the surveyed firms, and how their management assessed its effectiveness.
The current research utilizes an SOM approach to examine the relationship between internal control effectiveness and internal control components, and the next section describes the training of the SOM.
Self-organizing maps (SOMs)
While the SOM has been used in a variety of studies, the technique is not commonly used in the field of accounting and business administration (Oja et al., 2003) . For example, SOMs have been used for financial benchmarking (e.g., Back et al., 1998; Eklund et al., 2008; Eklund et al., 2003) , financial crises analysis (e.g., Arciniegas et al., 2001; Sarlin and Marghescu, 2011) , multilevel analysis of financial environments (e.g., Länsiluoto et al., 2004) , bankruptcy prediction (e.g., Kiviluoto, 1998) , customer profiling and behavior analysis (e.g., Holmbom et al., 2008; Lee et al., 2004; Yao et al., 2010) . Notably, the SOM has been evaluated by business managers and found to be an excellent tool for financial benchmarking and environmental analysis, in particular for its visualization properties Länsiluoto and Eklund 2008) .
However, while the SOM has been widely used, to our knowledge, the previously mentioned study by Jokipii et al. (2011) is the only one to use a SOM to study internal control structures in a group of firms, using survey data. The study identified a number of different types of internal control structures in varying levels of development. However, the authors did not investigate internal control effectiveness or how the internal control structure is linked to overall effectiveness, omissions that this study addresses. The methodological framework is shown in Figure 1 . It shows that the clustered internal control map was first (1.) trained using the firm's self-assessed internal control effectiveness measures (EFFI, RELI, and LAW) and then (2.) the five internal control components (COEN, RISK, COAC, INFO, and MONI) were associated to the map. In other words, first, we clustered the types of internal control effectiveness in the studied firms, and second, investigated how the five COSO-based internal control components were associated with the clustered types of internal control effectiveness in these firms. In this way, we were able to freely train the map to recognize different forms or combinations of effectiveness, and then study the underlying internal control structures separately, thus identifying the properties of the internal control structure that underlie a particular level of effectiveness.
Insert Figure 1 about here
There is a well-established tradition in the accounting research domain of using quantitative methods. However, while many studies utilize predictive modeling to test hypotheses, fewer have applied exploratory approaches, such as clustering methods. Clustering methods are data-driven approaches that strive to separate or group data on the basis of similarities, meaning that results are not necessarily bound to reflect only the formulated hypotheses. Generally, clustering makes it possible to find differences and similarities in the quality of reporting systems (Cavélius, 2011) (Han and Kamber, 2001; Wu et al., 2008; Cavélius, 2011) . In this study, we adopt the SOM for the following reasons: 1) the SOM is a very visual and managerially-oriented method for the analysis of multidimensional data Länsiluoto and Eklund, 2008) , 2) compared to many multidimensional visualization methods (e.g., Multidimensional
Scaling, MDS), the SOM is unique in performing both projection and clustering (Vesanto, 1999; Sarlin, 2012) , 3) as opposed to many traditional statistical clustering methods (such as k-means),
an SOM does not require the user to specify the number of clusters beforehand, making it an ideal tool for exploratory data analysis (Wang, 2001; Wu et al., 2008) , and finally, 4) an SOM is very tolerant of most forms of problematic data, including linear and non-linear relationships, skewed distributions, and erroneous or missing data (Bishop, 1995; Kohonen, 2001; Wang, 2001 ).
The SOM approach is an artificial intelligence technique based upon artificial neural networks (ANNs). ANNs are designed to mimic the basic learning and association patterns of the human nervous system, and consist of a number of nodes (simple processors) that are connected by weighted connections. Learning is achieved by adjusting the weight of each connection, thereby emphasizing or diminishing the importance of the information being transferred by that connection, until a desired output is achieved. Neural networks are essentially non-linear, multivariate regression techniques, better able to handle erroneous and noisy data than parametric statistical tools (Bishop 1995) .
The SOM is a dual-layer ANN utilizing the unsupervised learning method (Kohonen, 2001) . In unsupervised learning, as opposed to supervised learning, no target values are provided during the training phase (see Section 3.2 below), and the network is allowed to freely organize itself according to the properties of the data themselves (Haykin, 1999) . The SOM technique maps data onto a two-dimensional topological display of nodes, where relationships between data are preserved but not actual distances (Kohonen, 2001) . Through the training process, each node learns to attract data with a particular combination of attributes, simultaneously influencing neighboring nodes to attract similar data. A SOM is very tolerant of noisy data and outliers, as well as non-normally distributed data (Bishop, 1995) , meaning that using a SOM requires very little advance knowledge of the data. This makes the SOM technique particularly well-suited for exploratory data analysis.
The SOM algorithm is essentially an iterative two-step process. First, the map size (i.e., the number of nodes) and shape of the map is specified and the map is initialized. Each node is assigned a parametric reference vector, mi, of equal dimensions (i.e., it has the same number of variables) to the data to be mapped. Often, reference vectors are assigned based upon some initial analysis of the data, e.g., using Principal Components Analysis (PCA). In step 1, for each row of data, xj, the most similar node (best match) on the map is found by calculating distances (e.g., using the Euclidian distance function) to all of the reference vectors m. Then, the reference vectors of the best matching units (BMUs) are updated to more closely resemble the pieces of data that they attracted, so that the map 'learns' from that piece of data. Usually, the update is performed by using an average of all data allocated to a particular node (Batch learning). In step 2, the nodes within a certain distance (neighborhood radius hci) of the BMU also learn from the attracted data, usually to a decreasing degree the further they are from the BMU (the Gaussian function). Steps 1 and 2 are repeated until a stop criterion is achieved, usually a certain quality threshold or a specified number of iterations. The learning process of the SOM closely resembles that of k-means clustering, the only difference being the neighborhood function in the SOM, which ensures that the data in neighboring nodes are similar while data in nodes far apart differ. In fact, setting the neighborhood radius hci to 0 during the training of an SOM gives the same result as k-means clustering (de Bodt et al., 1997) . In addition to the neighborhood function, an additional advantage of the SOM over k-means is that it does not require the a priori specification of a desired number of clusters. As the SOM algorithm is fairly well known, readers are referred to Kohonen (2001) for a comprehensive description.
The quality of an SOM model is often judged using the average quantization error, which is the average distance between every piece of data and its corresponding best matching node. In other words, it is a measure of how well a map has adapted individual nodes to the data. Another oftenused measure, the normalized distortion, measures the average distance between a best matching node and the next best matching node on the map. Ideally, these should always be located next to each other. In other words, the normalized distortion is a measure of how well the map has adapted to the 'shape' of the data.
Training the SOM
In order to create an SOM map, the map must be trained to recognize patterns in the input data. In essence, training is the process of iteratively using input data to allow the algorithm to learn the patterns in the data. Once a map has been successfully trained, new data can be associated and mapped to the area of the map that best matches the characteristics of the new data. During the training, some parameters such as the size of the SOM must be specified. The purpose of the training conducted in the current research was to identify different clusters of firms displaying similarities in terms of internal control effectiveness. For training, and to actualize the map, the Viscovery SOMine 5.1 software package was used. SOMine is a user-friendly implementation of the SOM algorithm, and uses an efficient form of the batch-training algorithm (Deboeck, 1998). The map was trained using the three components of internal control effectiveness: efficiency and effectiveness of activities (EFFI), reliability of financial reporting (RELI), and compliance with laws and regulations (LAW). The final map (Figure 2 ) consisted of 536 nodes, grouped into four clusters. The size of the map is a function of the purpose of the model; if visualization is desired a large map will allow for more individual data accuracy (more nodes available for learning), whereas a smaller map is better for clustering purposes but sacrifices a degree of accuracy (Desmet, 2001; Kohonen, 2001) . vi With the final map trained, we associated the five internal control components (COEN, RISK, COAC, INFO, and MONI) to the map, meaning that they were visualized according to the data that they displayed in the three internal control effectiveness components that the map was based upon, but they did not influence the actual training of the map.
In this way, we could freely train the map to recognize different forms or combinations of effectiveness, and then study the underlying internal control components separately, thus identifying the properties of the internal control components that underlie a particular level of effectiveness.
vii
Empirical results and analysis
In this section, we will present a detailed analysis of the final map and the properties of different clusters on the map.
Clustering of the map
The final trained map (Figure 2 ) identified four different groups (or clusters) of firms based on the effectiveness of their internal control. This means that by using the clusters identified using the SOM, we were able to find four different clusters with their own patterns of internal control effectiveness.
Insert Figure 2 about here
We used the feature planes of the map to visually identify the characteristics of each type of firm cluster in greater detail. The feature planes identify the approximate values of the variables in each particular area of the map using a color shading where high values are indicated by dark colors and low values by light colors. Thus, we were able to visually evaluate the three effectiveness components separately and identify notable patterns. The feature planes of the map can be seen in Table 1 . A verbal interpretation of the characteristics of each cluster, based upon the information in Figure 3 and Table 1 , is provided in Table 2 as a summary. The implication is that a firm's position on the map is visually indicative of its general level of effectiveness compared to other firms according to the three measures of internal control effectiveness. Therefore, the feature planes enable us to investigate the relationships between the three components of internal control effectiveness and to explore the specific development activities in each cluster.
Insert Table 1 and 2 about here
In order to validate the clustering of the model, one-way ANOVA was used to study the differences between the four clusters. The differences were significant at the .000 level for all clusters. A Tukey HSD test also showed that all differences between the variables were statistically significant in all four clusters. Therefore, we can conclude that the clusters are clearly separable from each other, and at the same time, internally coherent, thus validating the clustering of the map.
Cluster descriptions and analysis
In addition to the variables used to train the map, the five COSO framework components were associated to the trained map (Figure 2 ). When associating variables with a trained map, it is possible to visualize and assess related variables without them having an influence on the training process. Thus, we can assess characteristics of the data in a cluster using associated data from outside the training process. This made it possible to identify the properties of the internal control structure that lay behind a particular level of effectiveness. The results of this association can be found in Table 3 and Figure 4 . Table 3 shows the descriptive statistics of the associated variables per cluster. For example, Table 3 shows that the control environment (COEN) in the firms located in Cluster 3, has been assessed to be weak by CEOs. Thus, there could be internal problems with the control environment in those firms, which should be noted by management, investors, etc. On the other hand, CEOs in the firms located in Cluster 1 have evaluated the control environment (COEN) as meriting quite high values, thereby indicating that the CEOs are satisfied with the level of effectiveness of the control environment.
Insert Table 3 about here Figure 4 shows how the variables in each cluster deviate from the average of the dataset, that is, the longer the bar, the more a variable in a cluster differs from the norm. For example, in cluster C4, the component illustrating compliance with laws and regulations (LAW) is significantly lower than in the other clusters on average.
Insert Figure 4 about here Again, a one-way ANOVA test confirmed that the inter-and intra-cluster distances were statistically significant at the .000 level. After applying the Tukey HSD test, we found that the COSO component values were statistically significantly highest in Cluster 1 [not reported in the   table] . A further analysis showed that Cluster 2 had statistically significantly higher values than Cluster 3 for the COEN, RISK, and COAC components. Table 4 indicates a strong correlation between the internal control components and internal control effectiveness.
Insert Table 4 about here Next, based on the values in the clusters in Figure 4 , we labeled the four groups of firms; highest internal control effectiveness (32 %), low reliability of financial information (24 %), low efficiency and effectiveness of activities (28 %), and lowest internal control effectiveness (16 %).
Cluster C1: Highest internal control effectiveness
This cluster is generally the best cluster in terms of overall effectiveness. Values in terms of both internal control effectiveness and components are very high compared to the other clusters. The cluster shows the ideal internal control structure and effectiveness that is the focus of the theoretical frameworks, where "All five components should be present and functioning for the achievement of the three objectives of internal control". Of the firms surveyed, 32 % are in this cluster.
Cluster C2: Low reliability of financial information
Cluster C2 exhibits generally high values for efficiency and effectiveness of activities, but average values for compliance with law and particularly low values for reliability of financial information.
In addition, the COSO components are also lower than average, particularly for information and monitoring. Cluster C2 contains 24% of the data. This cluster raises the question of whether management can really trust the effectiveness and efficiency of activities and compliance with law reported to them when the reliability of their firms financial reporting is low.
Cluster C3: Low efficiency and effectiveness of activities
Cluster C3 is interesting, as both efficiency and effectiveness of activities score low, but both reliability of financial information and compliance with law are above average. Internal control component values are well below average, so in terms of the COSO framework, this cluster is the weakest. However, overall effectiveness is still better than in cluster C4. Cluster C3 accounts for 28 % of the firms surveyed. This cluster raises questions of whether low values in the internal control components primarily affect the efficiency and effectiveness of activities; and why the reliability of financial information and compliance with law would be above average when all the COSO components are below average levels. One could question whether management in these firms is really updated of the situation?
Cluster C4: Lowest overall internal control effectiveness
Cluster C4 is the poorest in terms of total effectiveness, with all values-and compliance in particular-well below average. The values of internal control components according to the COSO framework are also poor. Overall, this is the poorest performing cluster. C4 is also the smallest cluster, containing 16 % of the dataset. This cluster follows the theoretical claim in the internal control framework as noted in Cluster C1: low values in internal control components and low internal control effectiveness exist simultaneously.
Based on an investigation of the cluster properties, a typology for internal control structure and effectiveness can be drawn manually. The typology in Figure 5 illustrates four different approaches for evaluating internal control in practice. The typology shows alternative approaches for how internal control should be improved so that a position in the best quadrant (i.e., upper right) might be attained. The alternatives relate to internal control structure or effectiveness depending on the quadrant. The firms need to improve both internal control effectiveness and structure if they are in the least satisfactory quadrant (lower left).
Insert Figure 5 about here
Conclusion
The COSO framework identifies five interrelated components that should be in place in order to achieve effective internal control. However, the framework only provides broad guidance concerning internal control concepts and leaves the details to the adopting firms themselves.
Therefore, the research question in this study was what characteristics of internal control structure underlie a particular level of internal control effectiveness?
This study provides empirical evidence that internal control components have a different relationship to the three components of internal control effectiveness. The relationship between the components and effectiveness gets even more complicated when the clusters are investigated in detail.
Earlier internal control studies have used material weaknesses of financial statements to evaluate the effectiveness of internal control (e.g., Beneish et al., 2008; Doyle et al., 2007a; Ge and McVay, 2005; Klamm and Watson, 2009 (Krishnan, 2005) . Furthermore, prior literature has presented examples of internal control frameworks where the effectiveness of internal control in alternative situations is theoretically explained by interrelated components that can and will influence each other (COSO, 1992:18) .
However, only a limited number of studies have attempted to examine this relationship (Geiger et al., 2004; Klamm et al., 2009; Agbejule and Jokipii, 2009; Jokipii et al., 2011) . The situation prompted us to use an exploratory data mining approach to examine internal control effectiveness and its relation to the five COSO components of internal control. SOM clustering made it possible to use survey data, and the discovery of four alternative clusters among the firms surveyed, which showed differences in the assessed internal control effectiveness. The analysis also showed different combinations of internal control components among clusters that have a relation to the assessed effectiveness.
The analysis resulted in four different clusters illustrating varying internal control effectiveness.
The cluster analysis shows that one component of effectiveness might be at a high level of effectiveness (such as efficiency and effectiveness of activities), while at the same time, another component might exhibit a low level of effectiveness (such as reliability of financial reporting).
This finding complements internal control effectiveness studies (such as Paape and Spekle, 2012) showing that internal control effectiveness is a more multidimensional concept than it is a onedimensional concept. We found that those firms with the most effective internal control had also the highest values in the five internal control components. However, the five components showed the lowest values in Cluster 3 where the effectiveness and efficiency of activities components logged the lowest values, but reliability of financial reporting and compliance with laws and regulation were above average. This result indicates the components are interrelated and is in line with the findings of Klamm and Watson (2009) . In summary, the results indicate a relationship between the five internal control components and internal control effectiveness, but this relationship is not as straightforward as might be expected. Moreover, the results show the importance of evaluating all of the five internal control components when firms are assessing their internal control effectiveness.
The identified typology enables firms to benchmark how they can improve their internal control effectiveness. According to the typology, firms should assess the sophistication of their internal control structure, and how effectively they implement internal control. That assessment can then be used to formulate an internal control development strategy. We would encourage management to focus on the results presented and work to improve internal control effectiveness in their firms.
Internal and external auditors could also use the results to communicate with audit committees and management on issues of internal control.
There are two main contributions of this study. Firstly, building upon empirical evidence from a sample of Finnish firms, the study shows that different levels of internal control effectiveness are associated with differing internal control structures. In addition, the study shows that the components are non-linearly and complexly interrelated. Secondly, the study proposes a typology that offers alternative approaches to how internal control could be improved in firms to deliver effective internal control. The typology does not rely upon stated material weaknesses, which is a retrospective approach, as many previous studies in the area do.
This study has some limitations, the first being the survey data used. This research was conducted within a particular national context, and in order to assess the external validity of the results, replication studies should be performed in other contexts. In addition, the operationalization of the internal control construct is based on existing literature, but the measures could be further developed in future studies in order to achieve improved intensity, validity, reliability and consistency of the internal control construct. For example, while the internal consistency of all of the constructs is good as measured by the Cronbach alpha (>0.7), some of the constructs display somewhat low convergent validity (degree of variance explained, AVE), which could be improved through changes to the survey instrument. The second limitation relates to the CEOs' self-assessed levels of internal control components and effectiveness. The order of the survey items was not randomized, and therefore, there might be some potential order effects. It might also be worthwhile incorporating the perceptions of other corporate governance actors in future studies. It is also important to note that the methodological approach of the study cannot identify an exclusive set of reasons for a certain level of effectiveness, only patterns behind those reasons.
This is because we cannot exclude the existence of latent variables contributing to the results, but this is of course true of any statistical survey. Despite these limitations, we did not find any reasonable data gathering method that could deliver the aims of this study apart from a survey using self-assessment. Furthermore, there could also be latent factors other than the five internal control components that relate to internal control effectiveness, such as the use of quantitative risk assessment, frequency of risk assessment and reporting (Paape and Spekle, 2012) or cultural issues (Palermo, 2011; Van der Stede, 2011) .
A further limitation stems from the issue of the validation of SOM results. Traditional statistical confidence measures are not available, and nor can accuracy rates based on target values be used (because learning is unsupervised). On the one hand, there are a number of different technical measures of SOM accuracy, such as the quantization error and normalized distortion (e.g., de Bodt et al., 2002; Vesanto et al., 2003) . Usually, however, and within certain bounds, parameter selection appears to have a relatively minor effect on overall training accuracy, especially with small maps (Kohonen, 2001) . In this study, in addition to technical validity assessed through cross validation of the map based upon the quantization error and normalized distortion, we have used statistical methods to validate the content of the model, in other words, the actual SOM clustering.
Another interesting idea for future research would be the application of fuzzy c-means clustering to evaluate the 'crispness' of the SOM clustering, as proposed by Sarlin and Eklund (2011) .
We found some unexpected results that might prove interesting for future studies to investigate. It would be interesting to study in more detail, for instance, why the relationship between internal control effectiveness varies between clusters; and whether something other than internal control components could explain the differences between the perspectives on internal control effectiveness in different clusters. These other factors may perhaps relate to contingency (Chenhall, 2003; Doyle et al., 2007a) , profitability (Ge and McVay, 2005) , investment factors (Ashbaugh-Skaife et al., 2007) , or personal factors (Minelli et al., 2009) . These questions might best be answered through different research approaches such as quantitative and qualitative studies. Notes: EFFI, RELI, and LAW respectively stand for effectiveness and efficiency of activities, reliability of financial reporting, and compliance with laws and regulation. C1 = cluster 1, C2 = cluster 2, C3 = cluster 3, C4 = cluster 4 N = number of firms in cluster Mean = Mean value for internal control effectiveness components given by CEOs based on the survey Table 2 . Verbal interpretation of the final map.
EFFI RELI LAW
C1
High High High
C2
Medium Low Medium
C3
Low Medium Medium
C4
Medium Medium Low
Notes: EFFI, RELI, and LAW respectively stand for effectiveness and efficiency of activities, reliability of financial reporting and compliance with laws and regulation. C1 = cluster 1, C2 = cluster 2, C3 = cluster 3, C4 = cluster 4 Notes:
COEN, RISK, COAC, INFO, and MONI respectively stand for control environment, risk assessment, control activities, information and communication, and monitoring. C1 = cluster 1, C2 = cluster 2, C3 = cluster 3, C4 = cluster 4 N = number of firms in cluster Mean = Mean value for internal control components given by the CEOs based on the survey 
Control activities
There were controls functioning in the company's processes which gave warning whenever something exceptional occurred. (COAC1) As soon as something exceptional and undesired was noticed it was promptly and appropriately dealt with. Reliability of financial reporting I did not completely trust the reports by financial management and sometimes had to check the information I received. (RELI1) There were sometimes errors in the reports which had to be corrected later when the information had been confirmed. The construct for the internal control effectiveness consists of three factors. EFFI, RELI and LAW standing respectively for effectiveness and efficiency of activities, reliability of financial reporting, and compliance with laws and regulation.
Endnotes
i The concept of effectiveness may have similarities with the quality concept. Cavélius (2011) gives four quality criteria for information quality; reliability, representativeness, relevance and accessibility.
ii None of the firms was required to apply the legislative terms of SOX, but in Finland, where the survey was conducted, the International Standards of Auditing (ISA) (315 and 330) utilizes the COSO framework as a foundation of clients' control evaluation by auditors. Actually, COSO (1992) has been voluntarily adopted in firms because statutory rules provide little practical guidance on the implementation of internal control and no Finnish-inspired internal control framework exists at present. Finnish Company Law only states that the board of directors is responsible for maintaining sufficient internal control. The Finnish Corporate Governance Code (2004; 2010) for listed firms states that in annual reports the internal control system should be described and notable risks should be reported, but MWs are not included. Thus, firms are free to implement, evaluate, and report on their internal control system, which leads to hugely diverse annual reports. Furthermore, unlike in the USA and except in other firms applying SOX, there is a general lack of public MW data, which has complicated empirical investigation of the issue in the Finnish or European context.
iii A nonresponse bias test was conducted using Oppenheim's (1966) early-late hypothesis and further, the total number of missing values is reasonably low and all missing values are randomly located in the data.
iv Xxx to be added later on….(this is to preserve the anonymity of the writers)
v SOMine also performs automated cluster identification (Vesanto and Alhoniemi, 2000) based upon hierarchical clustering, and includes various analytical tools, including a number of statistical tools. The two-stage clustering in SOMine is based upon an adaptation of a hierarchical clustering algorithm, Ward's method (Ward, 1963) , which starts with every node in the map forming its own cluster, and then merges the two most similar adjoining clusters based upon the Euclidean distance between cluster centroids, until only one cluster remains. Cluster distances being equal, Ward's method will favor merging smaller clusters. A suitable number of clusters is identified based upon a numerical measure of clustering quality, calculated for all merged levels (or clustering solutions.) This measure seeks to minimize intra-cluster variance and merging costs, and thereby indicate a natural number of clusters. The measure is indicative, and the purpose of the clustering should drive the choice of number of clusters, but does provide an indication of the quality of the solution. SOM-Ward's clustering is identical to Ward's method, with the exception that the distance between non-neighboring nodes is always infinite, and thus, only neighboring nodes are merged.
vi The map format was rectangular, as recommended by Kohonen (2001) . A tension, a measure of neighborhood radius, of 0.5 (default value) was used. A high tension (i.e., a stiff map) results in a general map with a lower node accuracy, whereas a low tension emphasizes individual node accuracy at the cost of topological preservation (Vesanto et al., 2003) . 0.5 is a medium value, representing a balance between the two.
The final map had a quantization error of 0.04165 and a normalized distortion of 0.1343, both very low values as would be expected with a fairly large map size. 10 folds cross validation was performed by dividing the dataset into 10 sets of equal size, then retraining using the same parameters with the ten different possible combinations of nine sets (thus leaving out one set each time). The average quantization error through cross validation was 0.1343 (0% difference) and the normalized distortion was 0.04165 (3.3% difference), indicating that training had been successful.
vii No significant preprocessing was required as the variables were averages based upon 7-point Likert scale data. Likert scale data are categorical-scale data, but for statistical purposes, the distances between positions on the scale are
